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ABSTRACT : This study was performed to investigate the effects of sowing density and number of seeds sown on the emer-
gence rate and growth characters of Panax ginseng C. A. Meyer under direct sowing cultivation in a blue plastic greenhouse.
Ginseng seedlings, derived from seeds sown directly at different densities (90, 108, 135, and 162 seeds per 1.62 m’), were cul-
tivated in sandy loam soil within a blue plastic greenhouse. In contrast to the emergence rate, which decreased with an
increase of sowing density, number of survival plant showed an increasing trend. Interestingly, the emergence and number
of survival plant were significantly enhanced when 2 or 3 seeds were sown per hole compared with when one seed was sown
per hole. Growth of the aerial parts of ginseng were not markedly influenced by sowing density or the number of seeds sown.
However, chlorophyll content (SPAD values) increased with an increase in sowing density. Root parameters, such as root
length, diameter, and weight, and the number of lateral roots decreased with an increase in sowing density, but were not
noticeably influenced by the number of seeds sown. Total saponin content was the highest in the treatment plot containing
135 seeds. Similarly, the content of each ginsenoside was also tended to be higher in this treatment than in other treatment
plots. On the basis of the results obtained in this study, it was possible to determine the optimal sowing density and seed
number for the direct sowing cultivation of ginseng in blue plastic greenhouse.
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Table 1. Effect of sowing density on the emergence and survival
rate under direct sowing cultivation of ginseng.

Sowing density ~ No. of survival ~ Emergence  Miss-plant

(Seeds/1.62 m’)  (plant/1.62 m’) rate (%) rate (%)
90 71.0cd 85.2a 14.8b*
108 82.0c 85.2a 14.8b
135 115.0b 75.9b 24.1a
162 138.0a 78.9b 21.1a

*Mean separation within columns by DMRT at p = 0.05.
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. Comparison of emergence rate according to the
number of seeds sown per hole under direct
sowing cultivation of ginseng. Vertical vars represent
mean = standard error (n = 90).
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Table 2. Effect of sowing density and number of seeds sown per hole on the growth of the aerial parts under direct sowing cultivation of

ginseng.
Sowing density No. of seeds sown  Plant height ~ Stemlength ~ Stemdiam.  Leaf length Leaf width SPAD
(Seeds/1.62 ) per hole (cm) (cm) (mm) (cm) (cm) value
1 9.2 5.4 0.9 3.8 2.0 35.0
90 2 10.1 6.2 1.0 3.9 2.0 34.9
3 9.3 5.5 0.9 3.8 1.9 34.8
Mean 9.5 5.7 0.9 3.8 2.0 34.9
1 9.3 5.5 1.0 3.8 1.9 34.4
108 2 9.4 5.6 1.0 3.8 1.9 35.2
3 9.8 6.0 1.0 3.8 2.0 35.3
Mean 9.5 5.7 1.0 3.8 1.9 35.0
1 9.0 5.2 0.9 3.8 2.0 36.1
135 2 9.7 5.7 1.0 3.9 2.0 37.1
3 9.8 5.8 1.0 4.0 1.9 33.8
Mean 9.5 5.6 1.0 3.9 2.0 35.7
1 9.3 5.4 1.0 3.9 1.9 36.1
162 2 9.5 5.7 0.9 3.8 2.0 34.4
3 9.5 5.6 1.0 3.9 1.9 34.7
Mean 9.4 5.6 1.0 3.9 1.9 35.1
Sowing density (A) ns* ns ns ns ns ns
No. of seeds sown per hole (B) ns ns ns ns ns o
Interaction (A x B) ns ns ns * ns *

*ns, *, **; Not significant, significant at the 5% and 1% level, respectively.

Table 3. Effect of sowing density and number of seeds sown per hole on the growth of root parts of ginseng.

Latent bud Latent bud

Sowing density No. of seeds sown ~ Root length  Root diam. . Root weight ~ No. of lateral
(Seeds/1.62 ) per hole (cm) (mm) width length (g/plant) root
(mm) (mm)

1 10.9 4.4 1.3 1.6 0.6 13.6

90 2 11.4 4.6 1.3 1.6 0.5 14.6

3 10.9 4.5 1.2 1.5 0.5 12.8

Mean 11.1 4.5 1.3 1.6 0.5 13.7

1 11.5 4.2 1.3 1.5 0.5 11.8

108 2 11.1 4.6 1.2 1.6 0.5 13.3

3 10.5 4.7 1.1 1.6 0.5 14.4

Mean 11.0 4.5 1.2 1.6 0.5 13.2

1 11.3 4.4 1.2 1.6 0.4 13.0

135 2 11.0 4.2 1.2 1.5 0.4 13.5

3 9.4 4.0 1.1 1.5 0.4 12.9

Mean 10.6 4.2 1.2 1.5 0.4 13.1

1 9.6 4.2 1.1 1.5 0.4 10.4

162 2 10.1 3.8 1.2 1.6 0.5 12.6

3 9.1 3.9 1.2 1.7 0.4 11.3

Mean 9.6 4.0 1.2 1.6 0.4 11.4
Sowing density (A) * ok * * * ns
No. of seeds sown per hole (B) ns* ns * ns ns ns
Interaction (A x B) * * o ns * ns

*ns, *, **; Not significant, significant at the 5% and 1% level, respectively.
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Table 4. Total saponin and each ginsenoside content of ginseng root cultivated in the different sowing density.

Sowing density  Total saponin PD/PTY

Ginsenoside content (w/wW%)

(Seeds/1.62 m’) content? (%) . Rb, Rb; Rc Rd Re Rf Rg Rg Rh,
90 0.827a 0.618b 0.0917b 0.072a 0.005a 0.089b 0.055a 0.096a 0.057a 0.318a 0.040a*
108 0.829a 0.934a 0.129a 0.075a 0.009a 0.114a 0.075a 0.054b 0.054a 0.276b 0.044a
135 0.872a 0.948a 0.136a 0.075a 0.009a 0.119a 0.081a 0.055b 0.053a 0.292b 0.048a
162 0.796b 0.907ab 0.120a 0.068a 0.008a 0.108a 0.071a 0.052b 0.057a 0.263b 0.044a
Total saponin; Rb; + Rb, + Rc + Rd + Re + Rg; + Rh;.
bPD; Rb1 + Rb2 + R + Rd, PT: Re + Rf + Rg, + Rhy.
*Mean separation within columns by DMRT at p = 0.05.
& Ao Bxoa o)A} Malo] BExyo] AR HETIE AL B 2010y IEL=7}F oA ginsenoside Rg 2] TR 2 o]
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